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Intercellular adhesion is essential
for maintaining the proper
architecture and polarity of
epithelial tissues during animal
development [1,2]. The
establishment and maintenance
of adhesion at adherens
junctions  requires the targeting
and subsequent stabilization of
cell adhesion molecules at
specific sites of cell–cell
contacts. Cell adhesion
molecules, in particular E- and N-
cadherin, engage in homophilic
interactions and thereby promote
the recruitment of α-catenin by β-
catenin, which in turn directly or
indirectly binds actin filaments.
Actin filaments are believed to
stabilize E-cadherin–β-catenin–α-
catenin complexes. Through this
central mechanism, E-cadherin
mediates intercellular adhesion
and the robust mechanical fence
function of epithelia in
developing tissues. In addition,
E-cadherin is required for the
maintenance of epithelial polarity.
Indeed, E-cadherin is required for
the proper apical localization of
components of the so called sub-
apical complex, namely the
transmembrane protein Crumbs
(Crb), and its cytoplasmic
partners  Par-3, Par-6 and aPKC.
Regulated Adhesion in
Development
In developing organisms,
intercellular adhesion is regulated
during morphogenesis [3]. It has
long been appreciated that
epithelial cells do not mix
randomly with their neighbours in
vivo. For instance, pioneering
observations by Townes and
Holtfreter [4] showed that cells of
a dissociated gastrulating
Xenopus embryo which were
allowed to reaggregate would
sort out from each other
according to their developmental
origin. Steinberg and colleagues
[5,6] proposed and subsequently
showed that differential adhesion
is the primary force driving cell
sorting. Specifically, qualitative
or quantitative differences in
cadherin expression can promote
cell sorting [7]. Recent studies in
the developing fly retina showed
that sorting out does occur in
vivo through the up-regulation of
N-cadherin in photoreceptor cells
among epithelial cells that
uniformly express E-cadherin [8].
Another striking example of cell
sorting are developmental
lineage compartments — large,
non-miscible groups of cells
forming adjacent
territories [9,10]. However, the
identity of the cell adhesion
molecules underlying
compartmental restriction
remains elusive [11].
A recent report [12] shows that
Echinoid (Ed) is a modulator of
cell adhesion in developing
epithelia of adult Drosophila.
While Ed has been implicated in
the regulation of cell signalling
[13–16], the authors now show
that Ed contributes to cell sorting
and controls intercellular
adhesion.
Echinoid Controls Adhesion
ed mutant cells have two basic
properties: they display normal
polarity and adhesion between
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Cell Adhesion: Sorting out Cell
Mixing with Echinoid?
Cadherins control intercellular adhesion in epithelial cells. This
property relies on the ability to recruit actin filaments at adherens
junctions via β-catenin and α-catenin. A recent study shows that
Echinoid, a member of the immunoglobulin domain containing protein
family, is a modulator of intercellular adhesion in Drosophila that
controls cell sorting.
themselves. This suggests that ed
is not essential for adhesion and
polarity. Yet, several features
suggest that adhesion is changed
in ed mutant cells. Mutant cells
fail to form contacts with
neighbouring wild-type cells
(Figure 1A), as revealed by the
loss of E-cadherin and Bazooka
(Baz), the fly par-3 orthologue,
from adhesion sites.
Accompanying this defect, the
interface between wild-type and
mutant ed cells is smooth and not
wiggly, as it would be between
wild-type cells. This suggests that
mutant cells minimize contact
with their wild-type neighbours
and reinforce contacts between
them. A similar sorting behaviour
is also observed with E-cadherin
mutant cells, or cells
overexpressing E-cadherin
[11,12]. The notion that differential
adhesion underlies this process is
further supported by the
observation that Ed localizes to
adherens junctions and may
engage in homophilic interactions.
Indeed, Ed is not recruited to the
adherens junctions between ed
mutant and wild-type cells, as
observed for E-cadherin at the
interface between E-cadherin
mutant and wild-type cells.
Similarities between E-cadherin
and Ed
E-cadherin and Ed differ in
particular in that Ed does not
affect cell polarity, whereas E-
cadherin controls apical polarity.
In E-cadherin mutant cells, Baz
and Ed localization at adherens
junctions is altered and Crb
localization is disrupted apically.
In addition, while E-cadherin
controls Ed recruitment to
adherens junctions, Ed is not
required for proper localization of
E-cadherin. Despite these
differences, Hsu and colleagues
[12] provide compelling evidence
that E-cadherin and Ed share
strong similarities in their
mechanism of action. The authors
first noticed that Ed and Baz (Par-
3) co-localize as they disappear
form adherens junctions in E-
cadherin mutant cells. They go on
to show that in fact, Ed and Baz
form a complex in embryonic
epithelial cells. Similarly, Baz
binds β-catenin, thus providing a
molecular link between Baz and
E-cadherin. In addition, Ed
interacts with the actin binding
protein Canoe/Afadin, suggesting
that it is also linked to the actin
cytoskeleton, a function fulfilled
by α-catenin in the case of E-
cadherin. This suggests that,
despite differences in the
molecular machinery, Ed
reinforces intercellular adhesion
via a similar mechanism as does
E-cadherin.
A Role for Cortical Tension in
Cell Sorting?
Ed shows all the hallmarks of a
cell adhesion molecule: it is a
transmembrane protein stabilized
at the cell surface via homotypic
binding, it can be linked to F-
actin and it controls cell sorting.
However, an alternative
interpretation can be proposed
for Ed, which is compatible with
the differential adhesion
hypothesis, but emphasizes the
role of the actin cytoskeleton. ed
mutant cells undergo apical
constriction, which is supported
by the enrichment of actin and
myosin-II at adherens junctions.
In addition, a ring of actomyosin
assembles in surrounding wild-
type cells. This suggests that part
of the sorting behaviour may
stem from increased tension
exerted by a contractile
actomyosin network in the
neighbouring wild-type cells
together with the apical
constriction in ed mutant cells.
According to this view, tension
exerted at the cell cortex by the
actomyosin network might also
contribute to cell sorting.
The study of the Ed protein
allows for a fresh look at the age-
old problem of cell sorting.
Undoubtedly, adhesion is a
central component of this
process. Yet, the role of
differential tension in groups of
cells may be also important and
worth being considered. Cell
intercalation, another
morphogenetic process in
epithelial cells, illustrates this
further [17]. During germ band
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Figure 1. Echinoid in the regulation of cell–cell adhesion.
(A) Cells mutant for echinoid (ed, red) sort out from surrounding wild-type cells (black). (B) At the interface between wild-type and ed
mutant cells, E-cadherin and Ed are absent, resulting in reduced adhesion. (C) E-cadherin and Ed undergo homotypic binding at the
cell surface and can be linked to the actin cytoskeleton, albeit via different molecular partners. Bazooka binds β-catenin and Ed but
its function remains unclear.
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Wolbachia pipientis is a
maternally inherited, intracellular
bacterium estimated to infect
more than 20% of all insect
species as well as a range of
other invertebrates, including
mites, spiders, crustaceans and
nematodes. W. pipientis has
profound effects on its hosts,
ranging from conventional
mutualism where it increases host
fitness, to reproductive
parasitism. In the latter case, it
induces for instance cytoplasmic
incompatibility, parthenogenesis,
feminization and male-killing [1].
All of the described Wolbachia
induced phenotypes benefit the
bacterium by enhancing its
vertical transmission into host
populations. The publication of
the sequences of a number of
Wolbachia genomes within the
last year provides new insights
into the biology of this fascinating
group of microorganisms. This is
especially the case when the
genome sequences of different
Wolbachia strains are compared,
such as the parasitic Drosophila
symbiont wMel [2] and its
mutualistic relative wBm [3] which
infects the nematode Brugia
malayi, a causal agent of filariasis.
Repetitive DNA and Genomic
Plasticity
One of the most striking features
of the first Wolbachia genome
sequence from the strain wMel
was the large amount of repetitive
DNA. Like other intracellular
bacteria, the size of Wolbachia’s
genome is considerably smaller
than that of its free living relatives
[4]. Despite this obvious
streamlining, at least 14% of the
wMel genome is composed of
numerous repetitive DNA
sequences and insertions. These
repetitive elements have
significantly influenced the
genome organisation of wMel by
providing sites for recombination
elongation in Drosophila,
epithelial cells intercalate and
change position via an ordered
process of cell contact
remodelling, whereby a set of
junctions are lost while another
set of junctions is re-established
[17]. The loss of cell contacts at
adherens junctions can be
described in terms of polarized
down-regulation of adhesion. Yet,
the process may also reflect
polarized cortical tension at
adherens junctions. This is
supported by the fact that
myosin-II is enriched in shrinking
junctions and could locally
constrict the cell in a subset of
junctions [17,18]. It becomes
clearer that it is necessary to
develop ways to directly measure
in vivo intercellular adhesion and
cortical cell tension to distinguish
their respective contribution in
cell and tissue morphogenesis.
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Wolbachia Genomes: Insights into
an Intracellular Lifestyle
The genome sequence of the Wolbachia endosymbiont that infects the
nematode Brugia malayi has recently been determined together with
three partial Wolbachia genomes from different Drosophila species.
These data along with the previously published Wolbachia genome
from Drosophila melanogaster provide new insights into how this
endosymbiont has managed to become so successful.
